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PURPOSE 
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To extend the results of TM-464 which treats the effect of 

finite resistivity in stainless steel bands to the case in which 

the susceptibility is also finite. Only the case in which p-1 

and the band thickness is small will be treated fully. For a 

premeability of 1.001 the field distortion is less than 1+106 

in the energy doubler dipole. 

SCALAR POTENTIAL OF EXCITING CURRENTS 

All geometrical quantities are shown in Fig. 1. The ex- 

citing current in the sheet at p=a is assumed to be 

i =i 
Z 

o cos$. (abA/cm) (1) 

Since only magnetic quantities are involved the scalar potential 

is sufficient for this calculation. Thus 

The fields are 

Hp ,= 

b 

i2 
p 

sin@ , 

O<p<a 

a<p<c0 . 

-A / 
Ho = > 

-B / 
. P2 -! 

cos$l . 

(2) 

(3) 
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The boundary conditions at p = a give 

A = 2'irio , B = - 2rio a2 (4) 

FIELDS AND POTENTIALS FROM MAGNETIZING CURRENTS 

The potential may be taken as 

C An 11(y) nrz sin 7 t O<p<b 

! i 
V= sin+ ( C[B, 11(y) + Cn Kl(y)] sin y b<p<c 

i 
( C Dn Kl(y) sin y 

/ I 

i c<p<w. (5) 

From this potential the fields become 

H 
P 

=--sin4 

C y-An I;(+) n7rz sin 7 

C +fDn 11+ ' nTp) t Cn K;(y)] nmz sin - d 

'?nld D K'(a) sin y 

-$ C[B, I1 nw 
(7 .> + Cn Kl ( Gj.E.)] sin y 

1 n7T.z t C Dn Xl(y) sin - d 

$ C An Ii(y) nnz sin - d 

(7) 

and 
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Hz = - sin+ 

c ny An II(y) cos n76z 
d 

C y [Bn Ii(y) t Cn Kl(y) cos y 

.'?nld D K(=)cos~ a 
BOUNDARY CONDITIONS 

At P = b, pH; = Hi , or 

(8) 

C y[(vBn - An) I;(F) + uCn K;(F)1 n7rz p-1 sin - = d y2 B, (9) 

and, H t (P 
= Hi, or 

(An - Bn) I1 

At p = c, H; = uHp, or 

c y [pBn I;(y) + hen 

and, H t cp 
= Hi, or 

Bn Il(nF) - 

nnb -$ - Cn Kl(F) = 0. (10) 

- Dn) K;(y)] sin y = 1-1-1 B, 
C2 

(11) 

(Dn - Cn ) Kl (y) = 0. (12) 

Matching the tangential components Hi gives the same conditions 

as matching the components H'. $ 

Since the band exists only over the central portion w of 

the repeat distance d, v - 1 in Eqs. (9) and (11) may be multi- 

plied by 
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co, 0 ‘3 <z+d-w) t L 
I 

, $d-w)cz<+-(dtb) I = $ C + sin y sin E sin y . (13) 
n--1,9,5 

0 , $(dtw)<z<d 

Combining Eqs. (g-13) one has 

4 d u-1 - $+A, t J..++)B~ t pK;(+Cn = - - - 
ITS b2 n2 

sin 9 sin F B, (14) 

"l( d ' E)Bn + pK;(F)Cn _ Ki(y)D, = 4 d 1.1-1 sin F sin F B, (15) 
1r2 c2 n2 

Il(T)An - Il(y)Bn - Kl(y)Cn = 0 , 

Il(=$Bn - Xl(F)Cn - Kl(y)Dn = 0 f 

(16) 

(17) 

COEFFICIENTS 

Equations (14-17) may be solved directly. For the purpose at 

hand, however, only An is needed. Furthermore, for p-1 and c-b, 

appropriate approxim%tions will be made using 

nrb v=yy-, ATT = y (‘.@-b), (18) 

Ii(F) = I1 (v) + Av I; (v) + l ** 3 (19) 

Kl(y) = Kl (v) + Av K; (v) + ..* J (20) 

and 



Hence 

AAn = 3-d (11 
n2 n2 

- 1) sin y sin y B 

which, when approximated gives 
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1 -=- 
c2 t2 0 - 2 5+*- l 

(21 

The determinant of the coefficients in Eqs. (14-17) is 

A = - l)[I;(V)K;(V) + ~(1 + %I (v)Kl(v)I A' + 
v2 IL tr 

L U;(b) W;(b) 0 
b2 

L VI;(C) UK;(C) - K; 
C2 

0 - IIW - Klb) 0 

cc> 

0 Ilk) Kl(c) :- Kl(c) 

2 
An = 8ri o & K2(5% sin nr - sin $Z.$ . 

2 h - l)(c - b) (24) 

MEDIAN PLANE FIELD 

On the median plane (Q, = 0) one has 

Hy(x,z) = - 2rio - $ Cn An Ii(T) nnz . sin 7 (25) 

Averaging this over z gives 

< 
Hy(~)>Av = - &i0 - 2 Cn i An Ii(y) J (26) 

l *  J  (22) 

¶ (23) 

which, after expanding in x gives 
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(H,(x)>~~ = - 2nio - $ C A,[1 t $ (F)2 t **I. (27) 

At x = 0 one has 

AH H (0) Av - (- 2ni0) C An 
-= 
H - 27rio = 2nio d 

and 

Hll <Hy(o))Av n c n2 An -= . 
H 

(28) 

(29) 

NUMERICAL ~~SULT$ 

In order to apply to the doubler dipole put 

a = 1.1325" = 2.8766 cm b = 2.0" - .375” = 4.1275 cm 

C = 2.0” - .375" t .lOO" = 4.3815 cm d = 1.0" = 2.54 cm 

w= .375" = .9525 cm lJ = 1.001 

HO = 45 kG 

This gives 

a/b = .6969 (c-b)/b = A16154 rib/d = 5.1051 

sin E = 05556 K2(5.1051) = .00470 iO = H0/21T = 7162 abA/cm 

or 

Al = 8~7162x.6g6gx.6g6gx1.62~x.o~4~x.~~~6x.OOlx.2~4=.0~42 abA 

An = negligible for n = 3, !?I’, 7, etc. because of K2(5.1051 n). 

Hence 
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AH og42/45ooo/2.54 = .82x10 -6 -=. H 

H"/H = r* x .82x10%4 = 2.03x10m6/in/in. 
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